INTRODUCTION
Producers, veterinarians, and those who work with cattle often refer to individual calves as being fearful, good-tempered, aggressive, or several other descriptions of how cattle respond to challenging situations, such as interactions with people or other animals. Scientists often quantify these characteristics through temperament assessments, short-term tests of behavior in response to a standardized stimulus. It is generally assumed that these tests inform, in some way, the underlying components driving behavioral variation; however, it is not known how these traits relate to how cattle behave when away from humans. In spite of this, calm or docile temperaments (as defined by these tests) are generally associated with greater growth (Burrow, 1997) . With recent developments in remote sensors, it is possible to characterize certain elements of cattle behavior unobtrusively and with great accuracy and specificity (Nielsen et al., 2010; MacKay et al., 2012) ABSTRACT: Handling temperament tests for beef cattle have been related to production traits, with calmer temperaments having greater growth rates. In most tests of temperament or personality, observation of the animal takes place over a short period of time, sometimes completed in a matter of minutes. This study investigated whether behavior observed in a temperament test was reflective of the steer's behavior in the home pen. Indoor-housed, crossbred, Bos taurus beef steers (n = 67) were fitted with triaxial activity monitors (IceTags; IceRobotics Ltd., South Queensferry, Edinburgh, Scotland) and activity was recorded for 2 periods of 14 d each. Also, each steer was scored on 4 measures of temperament: 2 handling tests (flight speed and chute score) and 2 feeding behavior scores (aggression at feeders and ability to displace at feeders). Each temperament observation was repeated 4 times, with repeatability of the traits ranging from 0.23 (aggression) to 0.48 (flight speed). Activity measures derived from the accelerometer data, such as bout lengths, were found to be highly repeatable between the 2 periods of activity monitoring (repeatabilities of 0.67 and 0.70 for average lying bout duration and average standing bout duration, respectively). Steers with high flight speeds were also more active in the home pen (MotionIndex: r s = 0.35, P = 0.004; average step count: r s = 0.34, P = 0.005) than steers with low flight speeds. Steers that were more capable of displacing other steers at feeders had longer average standing bout durations (r s = 0.26, P = 0.036), which were more variable (standing time SD: r s = 0.27, P = 0.030), and lay down for less time (r s = -0.35, P = 0.004). No correlations were found between aggression at feeders or chute score and home pen behavior. Results of this study are the first to demonstrate that short-term temperament tests are related to longer-term behavior data in beef steers and these results should be taken into consideration for future research.
day-to-day activity when cattle are not under direct human observation. With this technology, an estimate of how traits measured by temperament tests reflect how cattle choose to budget their activity. To do this, 4 temperament tests adapted for use in cattle (Burrow, 1997; Gibbons et al., 2009) were chosen to measure feeding aggression, feeding dominance, handling temperament, and motivation to leave handling area. It was hypothesized that if the temperament tests measured an underlying general trait, correlations would exist between the short tests and home pen activity; yet, if the temperament tests measured a context-specific trait, then there would be no relationship with home pen behavior. This could have implications on the use of these tests as a proxy for general behavior, influencing their use in welfare assessment and as selection criteria.
MATERIALS AND METHODS
The procedures used in the study were approved by the institutional ethical review committee of Scotland's Rural College (SRUC).
Steers, Housing, and Test Area
The study was performed at the SRUC Easter Howgate beef unit for 57 d in autumn 2010. Beef steers (n = 74), with an average initial BW and age of 495.7 ± 39.12 kg and 474 ± 16 d, respectively, were selected for this experiment; however, 5 steers were excluded from the data set due to missing data, lameness, or failure to adapt to automatic feeders, resulting in an analysis based on 67 steers. All steers were reciprocal crosses, with those from the mating of purebred Angus sires (n = 5) to Angus × Limousin dams, designated as AAX (n = 38), and steers from the mating of purebred Limousin sires (n = 4) to Limousin × Angus dams, designated as LMX (n = 29). Steers were placed in 4 groups, balanced for weight and breed, and each group was assigned to identical 18-× 9-m pens bedded with straw. There were 8 automatic bin feeders (Hoko bin feeders; Insentec B. V., Repelweg, The Netherlands) and a water trough in each pen. Of the 8 Hoko bin feeders in each pen, 2 contained straw and 6 contained a barley-based diet, and the ratio of 1:3 feed bins and 1:9 straw bins to steers. In each pen, 2 closed-circuit television (CCTV) video cameras were installed above the feeders to monitor feeding behavior. Cattle used in this experiment were part of a separate 2 × 2 × 2 factorial study testing cattle breed types (AAX vs. LMX), partial replacement of barley with glycerol, and dietary inclusion of a yeast-based probiotic. The diets were balanced for palatability and CP, and the diet (hereafter referred to as "pen") was accounted for in data analysis. The diet was not expected to have any effect on home pen behaviors or temperament. The handling setup featured a semicircular race, which fed into a squeeze chute.
Chute Score and Flight Speed
Two assessments of handling temperament (chute score and flight speed test) were made on alternate Mondays during the test period at the same time as the steer's weekly weighing. Steers were moved as a pen group from their home pen to a holding pen, where they were then encouraged by experimenters or stockpeople through a semicircular race to the squeeze chute containing the scale. Steers were tested on d 15, 29, 43, and 54 of the trial, and the pen order was alternated each week. Each steer was held in the chute and given a chute score (adapted from Turner et al., 2011) by the same observer for all 4 test days. The steer was confined in the chute and its head secured in the bail. The squeeze mechanism was not applied. Handlers stepped away and the observer monitored the steer for signs of restlessness for a count of 10 s to arrive at a score based on the ethogram (Table 1 ). The weight was recorded and the steer was subject to leg manipulation to either remove or apply an activity monitor. Steers were then spray painted, using tail paint to mark them for the videos and released directly into the straight race. When the steer was released, the laser sensors (located 1 m from the chute opening and 4 m from the first laser) started and stopped the electronic timer, resulting in a flight time used to calculate its flight speed (m/s).
Aggression and Displacement at Feeders
An ethogram from Gibbons et al. (2009) was adapted for use at the Hoko feeders, based on initial video observations (Table 2) . Hoko feeder bins are 1.2 m wide and designed to afford only 1 steer to eat from a bin at any 1 time. Access to bins is allowed through a V-shaped head and neck space, much like a typical yoke feeder in a dairy herd setup. When unoccupied, access was blocked by a raised door, which comes up to the top of the V-shaped opening, prohibiting access to the bin. Each steer was fitted with an infrared tag, which identified them individually, thereby allowing the number of feeding bouts and amount of feed consumed to be recorded for each individual steer. When the steer wanted to feed, he pushed his head through the V-shaped opening, breaking the sensing beam at the bin entrance, and the door dropped to allow access to the bin. The steer's body remained in the home pen. To be recorded as occupying a bin, the steer's head and neck were required to be through the bin door with the bin door down. As this setup is designed to ensure that only 1 steer could occupy a bin at any 1 time, aggressive interactions often occurred behind the feeding steer. To account for this, interactions were considered to be at the feeders when the front feet of 2 steers were within 1 steer length of the bins. Initial analysis of the Hoko data indicated that the period for 2 h after feeding was the busiest; so, this was chosen as the sample period for aggression and displacement at the feed face studies. Hoko bins were typically filled at 0800 h and ADFI (kg) and feeding duration (s) were calculated for each steer based on Hoko records. Erroneous data, such as records featuring negative intakes or feeding bouts lasting <10 s or longer than 1 h, were removed from the data set. These daily totals were averaged across the study period. An aggression index ([number of times the aggressor]/[number of times the aggressor + number of times receiving aggression]) was adapted from Barroso et al. (2000) by determining how often the steer acted aggressively or was the recipient of aggression (0 = steer who was always receiving aggression at feeders and 1 = steer that was always giving aggression at feeders). A displacement index, based on that of Galindo and Broom (2000) , was calculated by recording the number of displacements (complete withdrawal of the recipient steer's head from the Hoko bin, following an aggressive interaction from the aggressor steer, resulting in disrupted feeding from the recipient). This resulted in a final score from 0 to 1 (0 = steer who was always being displaced from feeders and 1 = steer who always displaced others at feeder). Observations were taken from CCTV footage for 2 consecutive days at d 10 to 11, d 23 to 24, d 37 to 38, and d 50 to 51. The observations were all performed by 1 observer. An intraobserver reliability test on 4 h (representative of the whole sample period) showed good concordance throughout as indicated by Lin's concordance of correlation coefficient (0.93). In addition, the various aggressive categories detailed in the ethogram were calculated as a proportion of behaviors displayed at feeders and compared with the steer's aggression and displacement indexes.
Activity Monitoring
Each steer's activity was recorded with an IceTag Pro (IceRobotics Ltd, South Queensferry, Edinburgh, UK) during two 14-d periods of the 57-d study, with a 2-wk break between removal of the tags on the first occasion and reapplication on the second. IceTags are triaxial accelerometers that function predominantly as pedometers when attached to the leg of a steer. The 95-× 85-× 31.5-mm tag samples the orientation of the device 16 times per second (which is then interpreted as lying or standing), and calculates activity as MotionIndex (a measure of absolute acceleration over a given period) from which a step count is derived (Table 3) . MotionIndex and resulting step count, recorded by IceTags, are proprietary algorithms of IceRobotics Ltd and have been found to be both accurate and specific (Nielsen et al., 2010) , and the 0.17-kg tags do not appear to affect cattle behavior (MacKay et al., 2012) . There were only 30 IceTag Pros available for use in this experiment; so, to ensure all steers were monitored evenly within each pen, steers were assigned to 2 groups (designated A and B). Although groups A and B were balanced for live weight and breed, sorting steers into the 2 groups Avoids Active avoidance T he steer does not occupy an automatic feeder and moves in opposite direction to avoid aggressor.
Withdraws back Displaced from feeder
T he steer withdraws head from automatic feeder and moves away from interaction.
Retaliates (loss) Aggressive responsive S teer retaliates with an attack (e.g., butt, push, etc.) toward aggressor but ultimately withdraws from the automatic feeder.
Retaliates (win) Aggressive responsive S teer retaliates with an attack toward aggressor and further aggressive interactions follow. The aggressor does not succeed in entering the automatic feeder.
was for tagging purposes only and did not affect steer management. In all pens, steers in group A were tagged from d 1 to 14 and d 29 to 42, whereas steers in group B were tagged on d 15 to 28 and d 43 to 53. Any days with partial data (e.g., tag removal or application days) and the first 2 tagged days of each period were removed from the data set, as suggested in MacKay et al. (2012) . Data were downloaded from the IceTags with IceTagAnalyser, and, because this study was designed to relate home pen activity to temperament traits, both measures taken directly from the tags and derived measures were examined. Direct measures included MotionIndex, time spent lying, and step count. Derived measures were the number and distribution of lying bouts, using an adapted version of the Tolkamp et al. (2010) program, which used the same criteria of a minimum lying bout duration of 4 min to discern true lying bouts from artifactual lying bouts. Further derived measures were activity measures per bout or per minute standing. The SD of some traits were also calculated as a measure of variability (Table 3) .
Repeatability of Behavioral Traits. Repeatability of each personality trait was calculated using the variance method of Gibbons et al. (2009) , with linear mixed models using REML and fitting steer ID, and repeat as the random effects, and using the variance components calculated according to Lessells and Boag (1987) . This method was also used to calculate the repeatability (σ 2 between animals/[σ 2 between animals + σ 2 within animals]) of activity traits between 2 periods in which activity was recorded. As repeatability estimates have not been found to be related to number of repeats (Bell et al., 2009) , this was considered acceptable. Spearman-rank correlations were then used to examine the relationship between different activity traits to evaluate which ones were most useful to include in the next stage of analysis.
Characterizing the Relationship between Activity and Temperament. This study was designed to investigate whether these 4 short-term temperament tests reflect underlying variables that also drive variation in home pen behavior over a longer period of time. Median and first and third quartiles (Q1 and Q3, respectively) for each temperament 
Basic measure Description
Daily MotionIndex Proprietary measure of IceRobotics (measure of acceleration over a given period). Can be thought of as a proxy measure of energy of movement in all three planes.
Daily step count
Step count is calculated by IceTagAnalyser, based on MotionIndex. This is only calculated when the tag is recorded as being in a standing position.
Lying bouts
The following traits were calculated based on criteria established by Tolkamp et al. (2010) . 2 Average lying bout duration Average duration of all lying bouts recorded on a daily basis.
Average minimum lying bout duration Average duration of the shortest lying bout recorded per day.
Average maximum lying bout duration Average duration of the longest lying bout recorded per day.
Lying bout number No. true lying bouts started within a day. 3
Standing Time the tag spent in a standing position, taken from IceTagAnalyser. 1
Standing bouts
The following traits were calculated based on the criteria established by Tolkamp et al. (2010) . 2 Average standing bout duration Average duration of all standing bouts recorded on a daily basis.
Average minimum standing bout duration Average duration of the shortest standing bout recorded per day.
Average maximum standing bout duration Average duration of the longest lying bout recorded per day.
Standing bout number
No. true standing bouts started within a day. 3
MotionIndex/standing bout Putative measure of activity in each standing bout.
Steps/standing bout Measure of the animal's activity when standing only.
MotionIndex/min standing Total MotionIndex by total minutes spent standing as an indicator of general activity compared to time spent in a standing position.
Steps/min standing Total step count by total minutes spent standing as an indicator of activity while standing.
Standard deviations
Step count SD The individual's standard deviation of its daily step count as an indicator of the steer's variability in activity.
Daily lying time SD The individual's standard deviation of its daily lying time as an indicator of the steer's variability in activity.
Daily standing time SD The individual's standard deviation of its daily standing time as an indicator of the steer's variability in activity.
score and main activity traits are shown in Table 4 . Flight speed and chute score were judged to be non-normally distributed by a Shapiro-Wilk test [W = 0.95 (P = 0.008) and 0.96 (P = 0.028) for flight speed and chute score, respectively], whereas aggression index and dominance index were normally distributed (P > 0.05). Preliminary analyses used linear mixed models. Models for temperament traits were run separately, because there were some relationships among temperament traits; thus, the models used each of the 4 temperament scores as a fixed effect to explain variation in activity traits (Table 3) . Breed was included as a fixed effect and pen was included as a random effect in each model; however, these analyses did not find that breed or pen improved the models. The power of linear mixed models is that they can accommodate multiple effects on an outcome variable. As neither of the obvious parameters had any statistically significant influence, it was decided that Spearman-rank correlations were the simplest way to characterize the relationship between short-term temperament tests and long-term home pen activity. As a nonparametric correlation, this has 2 advantages: 1) deals with the nonnormal distributions of some traits and 2) does not assume that a given trait drives variation in the other. All analyses were performed in GenStat (Version 14, VSN International Ltd., Hertfordshire, UK).
RESULTS AND DISCUSSION
The primary aim of this study was to describe the extent of the relationship between accepted temperament assessments and home pen activity in beef steers using remote sensors. As the use of remote sensors in this area is still new, the study also characterized steer activity and investigated what kind of activity measures may be useful to animal scientists.
Repeatability of Trait Responses and Activity Bouts. Aggression index had the lowest repeatability at 0.23, whereas flight speed had the highest repeatability at 0.48 (Table 4) . Activity bouts were also repeatable between 2 tagged intervals, with measures derived from the boutcalculation method proving to be moderately to highly repeatable (0.44 to 0.70); however, average minimum lying bout was lowly repeatable (0.07).
Aggression index and displacement index were highly correlated (r s = 0.79, P < 0.001); so, steers with a high aggression index were also likely to be able to displace other 2 Aggression index = no. times aggressor/(no. times aggressor + no. times receive aggression).
3 Displacement index = no. active displacements/(no. active displacements + no. being displaced).
4 Repeatability = σ 2 between animals /(σ 2 between animals + σ 2 within animal ) 5 Repeatability calculated among 4 tests. steers effectively. The aggregated aggression index score explained very little of the variation in the steer's proportion of aggressive responses to attempted displacements (R 2 = 0.05, P = 0.037); however, steers with a high aggression index were more likely to attempt to displace another steer (R 2 = 0.31, P < 0.001). Chute score and flight speed were also correlated (r s = 0.34, P = 0.005), but neither aggression index nor displacement index bore any relationship with flight speed or chute score (P > 0.05). This would suggest that handling traits, as measured by chute score, flight speed, and feeding behavior, were not directly related.
Average lying bout duration was positively correlated with both minimum (r s = 0.42, P < 0.001) and maximum lying bout duration (r s = 0.72, P < 0.001), indicating that steers with long average lying bout durations tended to have longer lying bouts overall, rather than a few exceptionally long lying bouts that drove up the average. This is supported by the negative correlation between average lying bout length and number of lying bouts in a day (r s = -0.91, P < 0.001). Therefore, the mean bout durations were likely to be as informative as the maximum and minimum bout durations. Likewise, a high average standing bout duration was associated with high minimum (r s = 0.45, P < 0.001) and maximum standing bout durations (r s = 0.56, P < 0.001). Average lying bout and average standing bout length were also correlated (r s = 0.63, P < 0.001); hence, steers with longer average bout lengths tended to have fewer, but longer, bouts.
Relationships between Temperament and Activity
Flight Speed and Chute Score. In this study, steers that displayed a high flight speed response-assumed to have found the handling experience extremely aversivewere also more active in the home pen (Table 5 ). This is shown by the higher MotionIndex (r s = 0.29 to 0.35, P ≤ 0.020) and average daily step count (r s = 0.29 to 0.34, P ≤ 0.025) recorded over a period of weeks in the home pen. They were also more variable in their step count, as evidenced by the positive relationship between flight speed and step count SD (r s = 0.24, P = 0.055). The standing bouts of steers with a fast flight speed were not more active (r s ≤ 0.23, P ≥ 0.066). So, it was not that higher levels of activity were evenly distributed throughout the standing bouts; instead, these steers must have had fewer highly active bouts, suggesting that these steers reacted to some fear-eliciting stimulus, whereas their calmer companions do not. There were no (P ≥ 0.184) relationships of chute score, measured only minutes before flight speed, with activity measures (r s ≤ 0.17). Although flight speed and chute score were correlated, these results imply that they are affected by overlapping underlying components, rather than the same specific component. It is possible that chute score is a measure of the steer's reaction to handling, whereas flight speed is a more general measure of fearfulness. This continues the discussion in the literature that questions the sensitivity of chute scores, especially when subjective scores may miss subtle differences in behavior (Stookey et al., 1994; Baker et al., 2003; Curley et al., 2006) . Alternatively, steers with a high flight speed may simply be more active overall due to some intervening explanatory variable, such as their agility or fitness, and fearfulness may not be the underlying measurement. Regardless, this paper does not aim to address the nonunitary characteristics of temperament (Petherick et al., 2009) but to propose that, in this system, flight speed bears a relationship with home pen behavior and chute score does not.
Displacement and Aggression Indexes. Steers that were consistently capable of displacing other steers from feeders (i.e., had a high displacement index) had less daily lying time (r s = -0.35, P = 0.004) and long average standing bout duration (r s = 0.26, P = 0.036). They were more variable, as exhibited by the positive relationship (r s = 0.27, P = 0.030) with average daily standing time SD. The aggression index, however, was not (P ≥ 0.113) related to home pen activity (r s = -0.20 to 0.15). Aggression may be thought of as one tool that an animal can use to obtain a resource and, as demonstrated by the correlation between aggression index and displacement index, it is a method used commonly by steers that often gain access to feeders. From these results, it appears to be the ability to displace, rather than the aggression shown, that impacts behavior in the home pen. However, aggression was only measured in one context, at feeders, and over a relatively short period of time. The aggression index equation used in this study does not account for all forms of aggression and may be thought of as a steer's propensity to engage in an aggressive interaction at the feeder. A measure of aggression that incorporates more aggressive instances may elicit a relationship with home pen activity, but most measures of aggression are confounded with resource competition and, ultimately, dominance. It may seem counterintuitive at first to find that steers more capable of displacing others from feeders spent less time lying than less-dominant steers, but these steers also consumed more feed each day. It may be that these steers were simply hungrier and, thus, more motivated to displace others. It is important to note that these steers were not expected to compete for resources to the point of exclusion. Food was provided for all steers and those that could not adapt to the feeders were removed from the study. Social dominance theory proposes that, in social animals, dominant individuals are not limited behaviorally, whereas subordinate individuals must fit their behaviors around dominant group members (Deag, 1977) . A dominant steer would then be able to engage in any activity it wishes, whereas a subordinate steer might have to interrupt its preferred activity to take advantage of an unoccupied resource, such as a feeder. High dominance and high levels of stress are correlated in wild animals (Creel, 2001) ; however, in domesticated situations where resources are not limited, the ability to displace other animals may demand that individuals spend more time standing.
Temperament in animals is thought to be a general underlying trait mediating response to stimuli (Lyons et al., 1988) . Some question exists as to whether this is a domain general trait that affects responses to many stimuli or a contextual trait (Réale et al., 2000) . If temperament is a general trait, then one would expect a steer that performs in an aggressive manner in a temperament assessment to also respond aggressively to stimuli encountered in its day-to-day life. Yet, if these traits are more specific, the assessments would bear little relevance to the steer's day-to-day activity. This study contributes to the evidence suggesting that temperament is a general trait, because it is already known that temperament can affect productivity. Flight speed scores are often associated with low, but significant, correlations with production traits, such as ADG and beef palatability (Voisinet et al., 1997; Müller & von Keyserlingk 2006; Sant'Anna et al., 2012) ; however, some of these same studies have also found genetic correlations between flight speed and production traits, raising the possibility of selecting and breeding for temperaments more suited for production. The mechanisms by which temperament can affect production are not well understood. Cafe et al. (2011) found Brahman steers with higher flight speeds had depressed feed intake and eating durations, even though the same relationships were much weaker in Angus steers. Flight speed was negatively correlated with ADFI (r s = -0.24, P = 0.047), but, by incorporating dayto-day home environment activity data, it could also be attributed to a higher level of activity to steers with high flight speeds. By using activity measures in the future, it may help shed more light on the generality of temperament traits. Van Reenen et al. (2005) suggested that temperament has an activity component; that is to say, that in response to any stimuli, some animals will be passive copers and exhibit very little behavioral reaction relative to the level of internal stress they are experiencing. It may be that the temperament tests in this study, as they depended on observing and quantifying active behavioral reactions, were unable to identify passive copers. It would not be expected that a passive-coping steer that is passive during temperament testing would suddenly become active in its home environment. It is possible that both the activity and temperament measures in this study can only identify steers that have an active behavioral response to stimuli.
With this caveat in mind, one can be confident that the temperament tests in this study were measuring a consistent underlying trait, as they produced similar repeatability estimates to those seen elsewhere (Kadel et al., 2006; Kilgour et al., 2006; Hoppe et al., 2008) . The repeatability of activity in the home pen has not been explored in great detail in the literature; however, some measures of activity, such as general locomotion levels in dairy cows, have produced good repeatabilities (Schrader 2002; Müller & Schrader 2005) . Use of the bout calculation method developed by Tolkamp et al. (2010) should be encouraged by the good repeatabilities generated in this current study and suggested that activity was consistent across time. As such, the relationships seen between day-to-day activity in the home environment and temperament in this study lend a great deal of weight to the argument suggesting temperament is a general trait that should be considered in future production studies.
By examining how temperament affects home pen behavior, this study has established that there can be a cost to some temperament traits, such as displacement capability, even when feed is provided ad libitum and the ratio of steers to feeders is generous. The link between flight speed response and daily number of steps taken, combined with a lower feed intake, suggests a possible mechanism for the link between flight speed and production traits, especially ADG. Moreover, incorporating day-to-day activity in research linking temperament and production traits may provide a more thorough understanding of how individual
